Abstract Using the US collection from the Global Historical Climatology Network Daily (GHCN-D) precipitation data for the contiguous United States (CONUS), this study examines the changing characteristics of precipitation during 1951-2013. In addition to mean precipitation, all precipitation events are divided into three categories: light, moderate, and heavy based on percentile thresholds. The historical trends are established for precipitation total, frequency and intensity, as well as for total and frequency of different intensity categories. Results show that from 1951 to 2013, mean precipitation increased at 1.66 % per decade, a higher rate than previous estimates. About one third of the increase is attributed to frequency change, whereas the other two thirds are attributed to an intensity increase. There was a slight decrease in light precipitation, a small increase in moderate precipitation, and much higher increase for heavy precipitation. Spatially, eastern and northern parts of the CONUS experienced higher rates of increase, whereas western regions experienced less increase. A statistically significant positive correlation exists between mean precipitation and precipitation change, suggesting the wet regions experienced more precipitation increase than dry regions. Seasonally, precipitation increased most for the fall, less in other seasons. Particularly, there were significant decreasing trends in summer precipitation for many parts of western and central CONUS. Regional frequency analysis is used to examine the change in extreme precipitation events with return intervals longer than a year. Results show that extreme precipitation events increased for most of the CONUS with the exception of the west region. These changes were a result of both a shift in the mean state and the shape of the precipitation data distribution.
Introduction
Global warming has the potential to enhance the hydrological cycle (Trenberth 1999 (Trenberth , 2011 and hence alter many key characteristics of precipitation, such as quantity, frequency, intensity and duration. Several important changes are expected. First of all, higher temperature increases evaporation as well as the moisture-holding capacity of the atmosphere at a rate of about 7 % per°C as governed by the Clausius-Clapeyron equation (Trenberth 1999) . Therefore, global precipitation is expected to increase to balance the enhanced evaporation, but there is great uncertainty in how precipitation changes locally. Secondly, with more moisture in the atmosphere, when storm systems develop, the increased humidity leads to heavier rainfall events (Trenberth 1999; Trenberth et al. 2003) . In addition, increased moisture content in the atmosphere also enhances latent heat in storm systems and thereby increases their intensity (Held 1993) . As a result, many expect that with global warming heavy precipitation is likely to increase more at the expense of light and moderate precipitation (Trenberth et al. 2003) . Thirdly, assuming no significant changes in wind pattern, increases in evaporation and moisture mean more moisture is transported from divergence regions (subtropics) to convergence zones in the tropics and into the storm tracks at higher latitudes. This could cause wet areas to become wetter and dry areas drier (Chou and Neelin 2004; Held and Soden 2006) . This study aims to investigate these potential changes in the historical precipitation data for the contiguous United States (CONUS).
Numerous studies have examined trends in mean and extreme precipitation in the US. Earlier studies focused on changes in average precipitation such as annual, seasonal and sometimes monthly mean (Karl et al. 1993; Groisman and Easterling 1994) . Although these studies revealed important changes, they lacked the temporal resolution to examine extreme precipitation events, which usually last at most a few days. Additional work was conducted on rainfall intensity, often defined as the average rainfall per rain day (Nicholls and Kariko 1993; Mearns et al 1995) . These studies aimed to examine how rainfall frequency and average intensity each contributed to the change in precipitation total, but did not address how precipitation at various intensities (i.e. light, moderate and heavy) contributed to the change in precipitation totals. Karl and Knight (1998) conducted one of the first detailed assessments on how heavy precipitation changed in the CONUS, using the data from 182 stations with long records over the period . They showed statistically significant increasing trends for the sum of monthly maximum daily precipitation over four of the nine regions studied over the period 1910-95. Using a three parameter model for the distribution of daily precipitation totals, Groisman et al. (1999) found a disproportionate change in extreme precipitation relative to the changes in mean precipitation. Since then, numerous studies reached similar conclusions, that changes in intense precipitation are more likely as global temperature increases in both climate model simulations (e.g. Allen and Ingram 2002; Semenov and Bengtsson 2002) and observations (Groisman et al. 2004 (Groisman et al. , 2005 Kunkel 2003; Kunkel et al. 2007 ). Groisman et al. (2004) focused on the analysis of observed changes in intense precipitation (the upper 0.3 % of daily precipitation events), and linked them to changes projected by three transient climate model simulations. They found upward trends in intense precipitation were statistically significant in three major regions, the South, Midwest and Upper Mississippi. Further research (Groisman et al. 2005) showed that the upward trends were primarily a warm season phenomenon when the most intense rainfall events typically occur. More recently, McRoberts and NielsenGammon (2011) used a new homogenized climate division precipitation dataset to analyze historical precipitation change over the contiguous US, and found the 1895-2009 linear precipitation trend was positive across most of the US, with trends exceeding 10 % per century across the southern plains and the Corn Belt. Using the National Weather Service Cooperative Observer network data, Kunkel et al (2013) found strong evidence for a nationally averaged upward trend in the frequency and intensity of extreme precipitation events. This trend was stronger in eastern US, and less significant for western US. The third US National Assessment on impacts of climate change (Walsh et al. 2014) found that while average annual precipitation over the nation as a whole increased by about 7 % over the past century, the amount of precipitation falling in the heaviest 1 % of rain events increased nearly 20 %. The greatest increases in heavy precipitation occurred in the Northeast and the Midwest. Some notable previous studies in establishing historical precipitation trends for CONUS were summarized in details in the supplementary materials (S1).
In the context of existing research, this study aims to provide a new investigation on the historical trends of precipitation for the conterminous USA for the time period 1951-2013, using the US Collection from the Global Historical Climatology Network Daily (GHCN-D) data. There are three major objectives for this study:
First, using the much denser GHCN-D dataset, we established the historical trend of precipitation between 1951 and 2013, in terms of both annual mean precipitation and precipitation of different intensities (e.g. light, moderate, and heavy), and compared the results with historical trends established in previous studies. We also examined the regional and seasonal variations of historical changes in precipitation.
Second, we further explored whether there was a direct relationship between precipitation changes and mean precipitation, i.e. whether wet places were getting wetter, and dry places drier. This relationship was evaluated for both annual and seasonal precipitation change.
Third, we established changes for extreme precipitation events with return intervals longer than one year (e.g. 5, 10, 20, 50 years). In these cases, trend detection methods for annual series are less reliable since average annual frequencies of these events are less than one, rendering many years with 0 values. In this study, we used regional frequency analysis approach to establish the changes of these extreme events between two time periods: 1951-1980 and 1981-2013 , and compared their magnitudes.
Data and methodology

Data
The study utilized the GHCN-D data (available at http://www.ncdc.noaa.gov/oa/climate/ghcndaily/) for the CONUS. The time period of 1951 to 2013 was chosen to ensure a relatively consistent dense network of available data. The data was filtered so that only years with over 360 days of records were included, and only stations with more than 30 full years of data were used. This resulted in 3967 stations with an average length of 55 complete years per station. The data was analyzed at each station, and summarized both nationally and by climate regions defined by the National Climatic Data Center (NCDC). Figure 1 shows the NCDC climate regions and station locations used for this study. In addition to annual series, seasonal trends were also established by dividing the daily precipitation data into four seasons: spring (MarchMay), summer (June-August), fall (September-November), and winter (December-February). The seasonal trends were also summarized by NCDC climate regions.
Definition of precipitation categories and variables
In addition to annual precipitation, all daily precipitation events were divided into three categories: light, moderate, and heavy. Historical trends in precipitation total and frequency were established for each of these categories. There are two main approaches to define precipitation events of different intensities: fixed threshold and percentile threshold. Fixed thresholds are usually used for relatively homogenous regions (e.g. Groisman et al. 2012) . In large areas where precipitation varies greatly, a percentile based threshold is more commonly used. In this study, we used percentiles as thresholds to define precipitation events of different intensities. The following categories were defined: For all precipitation events, annual (and seasonal) precipitation total, frequency and intensity (defined as precipitation total divided by frequency) were calculated. For light, moderate and heavy precipitation events, precipitation total was calculated as the sum of all precipitation within a category (by year or season), and frequency was calculated as the number of days with precipitation that fall within a category (by year or season). The time series for all these variables (annual and seasonal) were calculated at each station in order to establish their long- term trends. In addition, these changes were summarized by NCDC regions to examine the spatial variations of such changes.
Detecting trends: nonparametric methods
The most common method to detect linear trend is the ordinary least squares (OLS) regression. OLS regression is a parametric method. The basic assumption is that residuals are independent and normally distributed with a mean of 0 and a constant variance. When these assumptions are not satisfied, OLS results become less reliable because of its high sensitivity to outliers and non-homogeneity in the data series (Lanzante 1996) . Examination of the data revealed that deviation from normality and non-constant variance (heteroskedasty) were common with precipitation variables. Therefore, we opted for nonparametric methods for trend detection. Nonparametric methods do not assume certain distributions of the data. As a result, they can be significantly more accurate than OLS linear regression for skewed and heteroskedastic data (Wilcox 2010) . The Mann-Kendall test was used to detect the existence of statistically significant trends. As an estimate of the slope, we calculated the weighted mean of all pairwise slopes, using the time difference between the two data points as weight. Detailed description of the method is included in the supplementary material (S2).
Regional frequency analysis
Trend analysis method is only appropriate for detecting trends in annual data series, and could not be reliably applied to more extreme precipitation events with return intervals longer than one year. A common approach to studying such extreme events, known as frequency analysis, is to establish their probability distributions, based on which the magnitude and return intervals (frequency) of extreme events can be established. For extreme precipitation events, this is often achieved by fitting a theoretical distribution function on the annual maxima data. When data at each station is limited, regional frequency analysis uses data from a number of neighboring stations. A Bregion^is a group of sites each of which is assumed to have data drawn from the same frequency distribution. The analysis involves the assignment of sites to regions, testing whether the proposed regions are indeed homogeneous, and choice of suitable distributions to fit to each region's data (Hosking and Wallis 2005) . In this study, we first normalized annual maximum precipitation at each station by station mean annual maximum precipitation, and pooled the normalized data by climate regions for two time periods : 1951-1980 and 1981-2013 . We used the robust discordance test designed by Neykov et al. (2007) to identify stations whose data distributions are significantly different from the rest in the region. Using this test, we eliminated about 4 % of the 3967 stations. After the discordant stations were identified and excluded, we then fit a theoretical distribution function to the normalized annual maxima data to derive precipitation magnitudes for events of various return intervals for each region and for each time period. Using the Kolmogorov-Smirnov test for the goodness of fit, we chose the generalized extreme value (GEV) as the best-fit distribution among a large number of commonly used distributions. GEV has three parameters: location, scale and shape. Any change in these parameters would have implications on how extreme precipitation events will change. Using the fitted GEV distributions, we calculated the magnitudes of precipitation events for the return intervals of 5, 10, 15, 20, 25, 50, 100, 200 and 500 years for each climate region for both time periods, based on which comparison of extreme events was made.
Bootstrapping technique was applied to assess the statistical significance of the change in the extreme events between the two time periods. Table 1 summarizes the trends for annual precipitation variables for all CONUS. Several patterns emerged from these results. Annual precipitation total increased for most of the CONUS, with 81 % of all stations showing increasing trends. However, because of the highly variable nature of precipitation, only about 35 % the stations showed trends that were statistically significant based on the Mann-Kendall test. The average rate of increase for all CONUS was at 1.66 % per decade. Annual precipitation frequency also increased at about 0.51 % per decade. Precipitation intensity increased at 1.23 % per decade for all CONUS. Therefore, precipitation increase was caused more by intensity increase (~70 %) and less by frequency increase (~30 %). Broken down into different categories, in general there was a slight decrease for light precipitation (−0.17 % per decade for precipitation total), a small increase for moderate precipitation (1 % per decade for precipitation total), and much larger increase with heavy precipitation (4.24 % per decade). Precipitation frequency changed at similar rates as precipitation total for all categories, with slightly lower values. Figure 2 shows the spatial and seasonal variations of precipitation change. It presents both the rate of change as percentages and in original values (in parentheses). Maps were made based on percentage values so that the magnitudes of change could be more comparable. Spatially, annual precipitation total increased for most of CONUS except parts of the Northwest and Southeast (Fig. 2a) . In general, the rates of increase were highest in the eastern US (Northeast, Ohio Valley), and gradually decreasing towards the west. The exception of this general pattern was the Southeast region, which showed small overall change in precipitation. The precipitation increase was caused more by intensity change than frequency change. Precipitation intensity change followed a similar spatial pattern with more increase in the eastern US and less increase for annual precipitation total (a), frequency (b) and intensity (c); spring precipitation total (d), frequency (e) and intensity (f); summer precipitation total (g), frequency (h) and intensity (i); fall precipitation total (j), frequency (k) and intensity (l); winter precipitation total (m), frequency (n) and intensity (o) (% per decade). The numbers show the regional average rates of change expressed as percentage per decade (numbers without parentheses) and in values (numbers in parentheses) as mm/decade for precipitation total, days/decade for frequency, and mm/day/decade for intensity (or decrease) in the west. It can be seen that for Southeast, the lack of overall increase in precipitation was caused largely by a decrease in frequency, whereas its precipitation intensity increased at a similar rate as the rest of the eastern US. Averaged over all CONUS, increase in precipitation total was the highest in the fall (2.91 % per decade), whereas other three seasons had comparable rates: 1.20 % for spring, 1.46 % for summer and 1.11 % for winter. The overall intensity increase was quite consistent for all seasons: 1.35 % per decade for spring, 0.9 % for summer, 1.42 % for the fall and 1.65 % for winter. Therefore the seasonal difference in precipitation change was largely the result of the difference in frequency change, which was highest for the fall at 1.52 % per decade and much less for other seasons (0 % for spring, 0.49 % for summer and 0.18 % for winter). There existed distinctive spatial patterns. For the spring, precipitation mostly increased except for the South and Southeast regions, where the decrease in precipitation was mostly associated with frequency decrease. There were significant drying trends in large parts of western US for the summer, which were also caused largely by decreases in precipitation frequency. The fall increase was significant for most regions except the western US, which experienced large decreases in precipitation intensity. Winter precipitation increased significantly for many regions in the south and southwest, but decreased in the northwest and southeast. Western US experienced decreases in precipitation intensity, whereas Northwest and Southeast had large decreases in precipitation frequency. Figure 3 shows the spatial and seasonal patterns of historical changes in light, moderate and heavy precipitation totals. The majority of the regions showed a similar pattern of slight decrease in light precipitation, small increase in moderate precipitation, and much greater increase in heavy precipitation. A few regions differed from this general pattern. Northwest showed very little change in all precipitation categories. The West region experienced small increases in light and moderate, but decreases in heavy precipitation. The Southeast, despite its lack of overall precipitation change, showed significant decrease in light and moderate precipitation, but comparable high rates of increase in heavy precipitation.
Results
Historical trends in precipitation 1951-2013
For all CONUS, light precipitation decreased most for spring (−0.88 % per decade) and winter (−0.63 %), changed little for summer (0.1 %), and increased slightly for the fall (0.76 %). The fall increase in light precipitation occurred mostly in the southwest and the north central regions of the US. The decrease in light precipitation in other seasons was fairly consistent spatially. Moderate precipitation increased most for the fall (2.0 %), and much less for other seasons (0.31 % for spring, 0.93 % for summer, and 0.2 % for winter). The spatial pattern for moderate precipitation change was quite varied among different seasons. In spring, moderate precipitation increased in the north and decreased in the south. In summer, it increased in the east and decreased in the west. It increased for most of the US in the fall except the western part of the US. In winter, it increased for central and southwest regions of the US, and decreased for northwest and much of the eastern US. The much greater increase in heavy precipitation was consistent for all seasons, with the highest rate for the fall (6.18 %), and slightly less for all other seasons (4.86 % for spring, 3.24 % for summer and 4.36 % for winter). Some parts of western US showed decrease in heavy precipitation for some seasons, such as the Northwest in winter, and the West in fall and winter. The rest of the country showed quite consistent increase in heavy precipitation for all seasons.
The wet gets wetter?
Climatic warming is expected to increase precipitation at convergent zones such as the tropics and subpolar low pressure zone, and decrease precipitation in subtropical regions. This is known as Bthe wet gets wetter, and dry gets drier^hypothesis (Held and Soden 2006) .
Although this feature has been observed globally (Solomon 2007) , there is great uncertainty at local-level precipitation change (Todd et al. 2011) . In this study, we investigated if this hypothesis holds true for CONUS. Correlation analysis was conducted between the rate of change of precipitation and the magnitude of mean daily precipitation amount for all stations using both trends expressed as % per decade and as values in mm per decade. We only found significant correlations when using mm/decade (for annual and some seasons), whereas changes expressed as % showed no such correlations. This suggests that this relationship existed in terms of absolute, but not relative, magnitudes of change. Several previous studies evaluating the same hypothesis also used amount to express change (e.g. Chou et al 2009 and Todd et al 2011) . Therefore change was expressed by mm/decade for this part of the study. We summarized the changes of precipitation amount by the nine NCDC climate regions. Figure 4 shows the relationship between mean daily precipitation and rate of change for daily precipitation total for all the regions. It shows both the annual and seasonal patterns.
In the eastern US (such as Northeast and Ohio Valley), precipitation was relatively high and experienced higher rates of precipitation increase in the past; the exception to this is the Southeast. In the western US (such as West and Southwest), the precipitation was relatively low and experienced less increase or even decrease in precipitation. This seemed to support Bthe wet gets wetter and dry gets drier^hypothesis. However, this pattern was not consistent in all seasons. Precipitation change was positively correlated with mean precipitation during summer and fall. The correlation was slightly negative for winter and almost non-existent for spring. A further correlation analysis was conducted between mean precipitation and rate of precipitation change for all individual stations using the non-parametric Spearman's rank correlation method. The results show similar patterns to those in Fig. 4 . For all stations, annual precipitation change rates were positively correlated with mean precipitation with the correlation coefficient of 0.29 (p<<0.01). Significant positive correlation existed between the two in summer (r=0.31, p<<0.01) and fall (r=0.41, p<<0.01). The correlation is much weaker for spring (r=0.06, p=0.002) and winter (r=−0.04, p=0.01) although still statistically significant. However, in general the correlation coefficients were relatively small, suggesting great variance and uncertainties in this relationship at local levels.
Extreme precipitation change based on regional frequency analysis
Using regional frequency analysis techniques outlined in section 2.4, we examined changes in extreme precipitation events greater than annual maxima. We established and compared the magnitudes of extreme daily precipitation events with return intervals of 5, 10, 15, 20, 25, 50, 100, 200 and 500 years for the time periods 1951-1980 and 1981-2013 . Results are summarized in Table 2 . The Student's t test was used to evaluate the statistical significance of changes in mean precipitation and normalized annual maximum precipitation. The bootstrap method was used to assess the significance of changes for distribution parameters and extreme events. A brief description of the bootstrap method was provided in the supplementary material (S3). Results showed that most of the changes were statistically significant at 0.01 level, with only a few exceptions (Table 2 ). In addition to percentage change of extreme precipitation events of various return intervals, Table 2 also included the percentage change of mean precipitation and Fig. 4 Relationship between regional mean daily precipitation (mm/day) and regional average rates of change for daily precipitation amount (mm/decade) in NCDC regions. The black dots indicate the regional mean value of change rates, whereas the arrows indicate their interquartile range (i.e. 25th to 75th percentile). The black line is the least squares regression line through the regional mean values. The relationship is shown for annual (a), spring (b), summer (c), fall (d), and winter (e) precipitation Table 2 Changes of precipitation variables between 1951-1980 and 1981-2013 NCDC regions normalized annual maximum precipitation between the two time periods, as well as the change in the location, scale and shape paramters of the GEV distributions of the two time periods. Similarly, the bootstrap method was also used to assess the statistical significance of the changes in distribution parameters, and most of the changes were statistically significant. Several patterns emerged from the results.
(1) With the exception of the West region, which experienced decreases in extreme precipitation events, all other regions saw increases in extreme precipitation. This could also be confirmed from the fact that the location and scale parameters all increased between the two time periods, and West is the only region with decreased location parameter. (2) The shape parameter increased for eastern CONUS (Northeast, Southeast) and Northwest, suggesting a shift of the data distribution towards heavier tails. For these regions, the magnitudes of increase were greater for more extreme events. For example, in the Northeast region, the 5-year precipitation event increased by 9 %, but the 100-year event increased by 13 % and 500-year event by 16 %. (3) The shape parameter changed very little between the two time periods for central CONUS (Upper Midwest, Ohio Valley and South), despite the increase in location and scale parameters. For these regions, extreme precipitation of various return interval all increased, but their relative magnitude of increase remained fairly constant. (4) The shape parameter decreased for western CONUS except Northwest (Northern Rockies and Plains, Southwest and West), suggesting a shift of distribution towards smaller tails. For Northern Rockies and Plains and Southwest, extreme precipitation increased, but their relative magnitude increased less for more extreme events with longer return intervals. For West, which was the only region with decreased location parameter, the magnitude of decrease was greater for more extreme events. In general, the changes in extreme precipitation events were not consistent with trends in mean precipitation. Regions with relatively low rates of change for mean precipitation, such as Northwest and Southeast, experienced more increase in extreme precipitation events. Regions with high rates of increase for mean precipitation, such as Ohio Valley and Upper Midwest, only saw moderate increases in extreme precipitation. On the other hand, the changes in extreme precipitation events were relatively consistent with regional trends in heavy precipitation. West, the only region with significant decreasing trend in heavy precipitation, also showed decreases of extreme precipitation events of various return intervals. The only exception was the Northwest, where annual heavy precipitation showed a small decreasing trend, but extreme precipitation events all increased significantly. This was due to the fact that despite a small decrease in heavy precipitation, the annual maximum precipitation increased. The difference in pooled annual maximum precipitation between the two time periods was statistically significant for this region.
Discussion and conclusion
This study largely confirmed the major conclusions of previous research. First, precipitation total increased for the CONUS. The average rate of increase (1.66 % per decade) in this study is slightly higher than many previous studies (such as 1 % per decade in Karl and Knight 1998; 0.6 % per decade in Groisman et al. 2004; and 0.7 % per decade for CCSP 2008) . This is likely because most previous studies covered the whole twentieth century whereas this study covered 1951-2013. When summarized over the second half of the 20 th century, the rates of increase were indeed higher. For example, Karl and Knight (1998) found 1 % per decade increase for 1910-1996, but 1.5 % per decade increase for 1948-1995, which was comparable to our estimate. This seems to suggest an accelerated rate of precipitation increase for the CONUS from the mid-20 th century. Second, heavy precipitation increased at much higher rates than mean precipitation. This seems to be a very robust pattern even though the increase rates were not directly comparable with previous studies because heavy precipitation is defined in many different ways. However, there is a lack of consistency in the seasonal patterns. Karl and Knight (1998) and Groisman et al. (2004) concluded that precipitation increase mostly occurred in spring, summer and fall, with little change in winter. This study shows that fall had the most significant precipitation increase with highest rates of increase for heavy precipitation. All other seasons had relatively lower rates of increase for all precipitation categories. Karl and Knight (1998) also found that seasonal patterns were highly sensitive to the datasets used. Low data density (184 stations used in Karl and Knight 1998) in earlier studies could contribute to such high sensitivity. In this study, the high density of GHCN-D data could reveal a more reliable seasonal pattern. The regional pattern of higher rates of increase in eastern and northern US and less increase in western US was largely comparable to the results of previous studies with small discrepancies (such as Groisman et al. 2004; Kunkel et al. 2012; Mahajan et al. 2012) .
Next, Bthe wet gets wetter^hypothesis was examined. The results show that a statistically significant positive correlation existed between the station precipitation change rate and its mean precipitation, suggesting that wet places were indeed getting wetter at higher rates than drier places. However, this relationship was not consistent for all seasons: A significant positive correlation existed for summer and fall; but it was much weaker for spring and winter. There was great local variation, as indicated by low correlation coefficients.
Finally, we used regional frequency analysis approach to examine the changes in more extreme precipitation events with return intervals longer than a year. We established the magnitudes of these extreme events between the two time periods : 1951-1980 and 1981-2013 for each climate region. Results show that for all regions except West, extreme precipitation events all increased between the two time periods. The change in extreme precipitation events was dependent not only on the location of the precipitation data distribution (i.e. mean state) but also the shape of the distribution. Some regions (such as Northwest and Southeast), even without significant increase in mean precipitation, experienced great increases in extreme precipitation events because of a shift of the distribution shape towards heavier tails. Other regions with relatively high rates of precipitation increase (such as Ohio Valley and Upper Midwest) saw comparable and moderate rates of increase for extreme events because the shape of the distribution remained relatively unchanged.
This study revealed a complex seasonal and regional variation of precipitation change. This may reflect the different impacts climate change has on precipitation of different mechanism and with different moisture sources. First, large part of the CONUS is under the influence of the convergent zone between the polar easterlies and mid-latitude westerlies, particularly in cold seasons. This is where increased amount of moisture resulted from higher evaporation with higher temperature could be brought in with general atmosphere circulation. Therefore increased precipitation was observed for much of northern CONUS, particularly in the fall and winter. However the southwest region is under the influence of the subtropical divergent zone during its northward shift in the summer, where the extra moisture from higher evaporation was transported away. This could lead to decreased precipitation in the southwest in summer. Second, although higher temperature enhances evaporation, the actual increase of moisture in the atmosphere depends on sources of moisture. With limited availability of moisture, higher temperature decreases relatively humidity, causing less precipitation to form. This could lead to the observed decrease in summer precipitation in the interior of the US. Decreases in summer precipitation did not occur in regions where moisture content was not so limited, such as regions near the Gulf of Mexico (South and Southeast), and the Atlantic coast (Northeast). Third, despite little change in precipitation total, the Southeast region experienced high rates of increase in heavy precipitation in summer and fall, when the region is influenced by tropical cyclones. It may be tempting to link such increases to the upward trends in tropical cyclone intensity in the Atlantic Basin associated with increases in sea surface temperature (Emanuel 2007) . However, Groisman et al. (2004) found no significant long term change in hurricanerelated precipitation along the Atlantic and Gulf coast. In addition, Landsea (2005) also found no long term trends in landfalling tropical cyclone activity in the United States. Therefore the impact of tropical cyclones on precipitation change in the south and southeast regions needs further investigation. Establishing causes and linkages between climate change and the observed precipitation change requires much more detailed research in the future.
